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The HtrA (DegP) Protein, Essential for Escherichia coli Survival at 

High Temperatures, Is an Endopeptidase 

BARBARA LIPINSKA.t MACIEJ ZYLICZ,t and COSTA GEORGOPOULOS* 

Department of Cellular, Viral and Molecular Biology, University of Utah Medical Center, 

Salt Lake City f Utah 84132 
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As a preliminary step in the understanding of the function of the Escherichia coli HtrA (DegP) protein, which 
is indispensable for bacterial survival only at elevated temperatures, the protein was purified and partially 
characterized. The HtrA protein was purified from cells carrying the htrA gene cloned into a multicopy 
plasmid, resulting in its overproduction. The sequence of the 13 N-terminal amino acids of the purified HtrA 
protein was determined and was identical to the one predicted for the mature HtrA protein by the DNA 
sequence of the cloned gene. Moreover, the N-terminal sequence showed that the 48-kilodalton HtrA protein 
is derived by cleavage of the first 26 amino acids of the pre-HtrA precursor polypeptide and that the point of 
cleavage foliows a typical target sequence recognized by the leader peptidase enzyme. The HtrA protein was 
shown to be a specific endopeptidase which was inhibited by diisopropylfluorophosphate, suggesting that HtrA 
is a serine protease. 



Both procaryotic and eucaryotic cells respond to a variety 
of stresses by accelerating the rate of synthesis of a group of 
proteins called heat shock proteins. This response in Esch- 
erichia coli is positively regulated by the product of the rpoH 
ihtpR) gene, cr 32 , which enables RNA polymerase to recog- 
nize promoters of heat shock genes (21). The heat shock 
genes all belong to the rpoH (htpR) regulon, are absolutely 
necessary for bacterial survival at high temperatures, and 
perform various, although not very well understood, func- 
tions in the cell. One of the processes in which the heat 
shock proteins are involved is cellular proteolysis. For 
example, the Lon protease belongs to the group of heat 
shock proteins (7, 8). It is known that the accumulation of 
abnormal proteins leads to the induction of the rpoH (htpR)- 
dependent heat shock response (1, 12) and that aberrant 
proteins are frequently subject to proteolysis (13. 14, 28). It 
has been shown that, to a large extent, this proteolysis is 
rpoH ihtpR) dependent; i.e.. rpoH (htpR) mutant cells are 
defective in the proteolysis of abnormal proteins such as 
canavanine-containing proteins, puromycyl peptides, and 
the X90 fragment of p-galactosidase (2, 11). This decrease 
occurs even in rpoH lon mutant bacteria, suggesting that 
other members of the heat shock regulon are also involved. 
Indeed, it has been observed that mutations in some of the 
other heat shock genes result in decreased proteolysis: dnaJ 
mutants are defective in the degradation of puromycyl 
peptides and a fragment of p-galactosidase, groEL mutants 
are defective in the proteolysis of puromycyl peptides, and 
dnaK mutants are defective in the degradation of canava- 
nine-containing proteins and puromycyl peptides (16, 25). 

Recently, the existence of a second heat shock regulon 
whose transcription is induced at a high temperature inde- 
pendently of rpoH (htpR) by a newly discovered sigma 
factor, a- 4 (a E ), was demonstrated (9, 10, 18, 27). So far, two 
genes belonging to this regulon have been identified, i.e.. the 
rpoH {htpR) and htrA genes. The htrA gene product is a 
48-kilodalton (kDa) cell envelope protein which is synthe- 
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sized as an unstable 51-kDa precursor and is indispensable 
for bacterial survival at elevated temperatures (above 42°C) 
(17). Recently, it was shown that the htrA gene is identical to 
the independently identified degP gene (24). Mutations in the 
degP gene result in a decreased ability to degrade chimeric 
membrane and periplasmic proteins (23, 24). This finding 
suggests that the HtrA (DegP) protein may itself be a 
protease or control the activity of another protease(s). 

To examine the biological role of the HtrA protein in the 
heat shock response, we purified this protein and searched 
for its exact enzymatic activity. In this report, we present 
the purification of the HtrA protein and show that the mature 
protein is formed by the cleavage of the first 26 amino acids 
of the pre -HtrA polypeptide. The purified HtrA protein was 
shown to be a specific endopeptidase by tests with various 
nonphysiological substrates. 

MATERIALS AND METHODS 

Bacteria, plasmids, and media. The bacterial strains, plas- 
mids, and media used during the course of this work have 
been described previously (17, 18). 

Buffers. Buffer A is 50 mM Tris hydrochloride (pH 7.3>- 
10% (wt/vol) sucrose-1 mM EDTA. Buffer B is 50 mM Tris 
hydrochloride (pH 7.3H M NaCl-1.49 M ammonium sul- 
fate-19 mM dithiothreitol. Buffer C is 50 mM Tris hydro- 
chloride (pH 7.3 M0 mM KC1-1 mM EDTA-10 mM p- 
mercaptoethanol-10% (vol/vol) glycerol. Buffer D is 50 mM 
imidazole hydrochloride (pH 6.8)-0.1 mM EDTA-10 mM 
p-mercaptoethanol-109£ (vol/vol) glycerol. Buffer E is 10 
mM Tris hydrochloride (pH 7.3H>.2 mM EDTA-10 mM 
p-mercaptoethanol-10% (vol/vol) glycerol. Buffer F is 20 
mM potassium phosphate (pH 6.5M0 mM p-mercaptoetha- 
nol-109£ (vol/vol) glycerol. 

Proteolytic activity assay with resorufin-labeled casein as a 
substrate* Resorufin-labefed casein was dissolved in H 2 0 at 
a concentration of 4 mg/ml, and the solution was stored in 
the dark at -20°C. For the standard assay. 10 u.1 of the 
casein solution was mixed with 20 ^1 of 100 mM Tris 
hydrochloride (pH 8.0)-9 \l\ of H 2 0-1 \d of HtrA prepara- 
tion and incubated at 37 5 C in the dark for 4 to 10 h. 
Subsequently, 96 u.1 of 5% trichloroacetic acid was added. 
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u„t^ or -ki c C for 10 min and centrifuged 
H^pSes < ** ff^SS 

nm< emission), concentration was estimated 

Protein assay. The P rote .'" c °^ k (Schwarz /Mann). Pro- 
following staining wuh SX. of protein) 
tein solution (1 to ? ul equ h l , was load ed. 
was applied to nKrocellulo S e (. more J^n i a _ 
the solution was applied in 1-u-l portions an " . . 
,ose was dried between ^oScS 
stained for 1 nun W1 ^-10-6V Subsequently, it 
of isopropanol-aceuc *<^^;^ oul arn ^o black, 
was destained in the same mixi thg 

cut out ana eiui<= eluates was measured, 

temperature), and Je4„rt thee ^ fcy 

as previously described (17). , ved by SDS-PAGE 

(Sigma,. Following ^S^Ki^S 
ferred from the gel » described (19>. 

(Immobilon: Milupore Corp.) as pr evio m 

Membrane ^■"S"?^ Si S?A seouencer 
IT T.H Ri«»stems)"nc C lrdance wkh manufacturer to- 
struck? X* was performed by R. Schumann. 

peplides as sub- 

Proteolytic ac««y fluoresce nt-group 4-methyl- 

strates. Peptides carrying - reac tion mixture 

"•TS iTo tSde 100 Tris hydrochloride 
containing 100 uM P^ . n & fina , vo , ume of 

buffer (pH 7.o), ana z us vi mm k , - 

100 al Following overnight incubation at 37 C,2W^ a 
iuu r oiiuwuijj flll I r - QrP nce was measured at 380 nm 
;fr,S a ,rrnmTmS. Tbe conrro, reaerions 

T^TJ^^ was ueaVwitn 1* bo»ine serum 
Lmto ,obE unoccupied P".ein-b"£8 ^VpSn 

and incubated with »»"*?f™|* T L visualization of immuno- 
anti-rabbit immunoglob^uUn G. The visu ^ &( 

active bands was performed as aescnucu uy 

(1 «' . aii nmtease inhibitors (see Table 1) were pur- 
Reagents^ AH protease mhU, ^ ^ purchased 

^bS^mSS- Biochemicals. The synthetic 
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peptides used for the proteolytic activity assay (see Results) 
and distributed bv Peninsula Laboratories were : a .gift f r0m 
M Rechsteiner. Department of Biochemistry. University 0 f 
Utah Protein molecular weight standards were purchased 
from PharmaciaLKB Chemicals. The cyclohexylamino-l- 
propanesulfonic acid «CAPS) WA-meihyten^«ij^ e 
iRK.-Tris DroDane. A'-2-hvdroxyethylpiperazine-iV -2-eth- 
anesulfonic acid (HEPES).' and morpholineethanesulfonic 
acid (MES) buffers were purchased from Research Organic*. 

Purification of the HtrA protein. To punfy the HtrA 
nmtein we used the high-copy-number plasmid pBL13j 
car vine The entire IwA gene in the pEMBL8 vector (17,. 
£ coli «cAt P BL133) mutant bacteria were grown overnight 
at 37<C in L broth supplemented with .M) u.g of ampic. l,n per 
ml The culture was harvested by centnfugation. and the cell 
pellet P5 «> was rinsed briefly with ice-cold buffer A. 
Suspended in 25 ml of buffer A. and 

Cells were allowed to thaw slowly in a 4 to 8 C water bath. 
Sowed by the addition of 10 ml of cold buffer B. Subse- 
ioiiowcu y ivsozvme solution (10 mg/ml, freshly 

y^t£jLM%£*it mixture was brought to 100 ml 
wUh buffer A. After 5 min at 0>C. the final volume of the 
I \ t . r " wa < transferred to 37°C for 3 mm and then returned 
S Sc Lywd cells were centrifuged for 30 mm at 4> 000 rpm 
and 0°C in a 50.2 Ti rotor (Beckman Instruments Inc.) 
Granulated ammonium sulfate (0.34 g/ml: Schwarz/Stonn 
was slowly added to the supernatant over a 20-min period at 
Jc wUh continuous stirring. Stirring was continued for an 
additional 20 min at (PC. The solution was ce :ntnfugec l a 
tn nnn mm for H min at 0°C in a Beckman 30.2 Ti rotor. The 
neifetv^T transferred to a dialysis bag and dialyzed against 
buffer C Th rlsuTtin* solution (7.5 ml) was passed through 
a ran'ceSuloi column (11 by 2.5 cm; Whatman Inc^ 
equilibrated with buffer C. at a flow rate of 2.8 ml/10 mm 
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FIG 1 Successive s.eps in the purification of the HtrA pgeui 
by SDS-PAGE of tota. protein ^^^S^ff^ 
vector plasmid (lane 1); total P rote '" f ^^> ce c ^ d C e a ^ tra !t before 
pBL133 (containing the fcirA* gene) (lane 2). crude ex ira 
ammonium sulfate precipitation (lane 3): suspended pellet fo 
ammonium sulfate precpUaUon (lane 4 P«gg fo „ owing 
DE52 cellulose chromatography lane 5) -P r * p f Xwing heparin- 
BioRex 70 chromatography (lane 6); P re P ar r a ^ o n /ff 0 3 hydrox- 
Sepharose chromatography itoe 7): prepa at on fotowing^ ^ 
ylapatiie chromatography (lane 8). and proiein 
standards tin thousands) (lane 9). 
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TABLE 1. Influence of protease inhibitors on the proteolytic 

activity of HtrA 



Inhibitor" 



Concn (mM. unless 
stated otherwise) 



Activity* 



None 
TLCK 



TPCK 



FIG. 2. Western blot analysis of purified HtrA p&ein Total 
protein from £. coli nroUpEMBL8-) cells (lane 1) and E. coli 
n?cA(pBL133) cells (lane 2) (approximately 50 »Lg of protein per 
lane) and purified HtrA protein (10 |ig) (lane 3) wer e/esolved by 
SDS-PAGE. transferred to nitrocellulose, and probed with rabbit 
antiserum prepared against the gel-purified 48-kDa HtrA protein. 
The arrow indicates the position of the processed HtrA 4S-kua 
protein. 

(this flow rate was used in all steps involving column 
chromatography). The flowthrough fractions were tested tor 
the presence of protein by the amido black staining proce- 
dure (described above), and the fractions containing det act- 
able amounts of protein were analyzed by SDS-PAUfc. 
Fractions containing HtrA (as judged by electrophoresis) 
were pooled and dialyzed against buffer D. After dialysis 
the solution (30 ml) was applied to a BioRex 70 column (11 
by 1.5 cm: Bio-Rad) as follows. The upper two-thirds of the 
column, previously equilibrated with buffer D. was removed 
from the column and mixed with the protein solution on a 
rotary shaker at 4°C for 30 min to improve the adsorption 
process. Next, the suspension was poured into the column. 
The column was washed with 5 volumes of buffer D. and the 
HtrA protein was eluted with a 400-ml linear gradient of 0 to 
1 M KC1 in buffer D. Fractions containing protein were 
analyzed by SDS-PAGE, and those containing HtrA were 
pooled (19.6 ml). HtrA protein was eluted in the range or 40 
to-70 mM KCI. with a peak at 60 mM KC1. The protein 
solution was dialvzed against buffer E. and \> ml ot the 
solution was loaded onto a heparin-Sepharose column (type 
1; 8.5 bv 1.2 cm: Sigma) equilibrated with buffer E. HtrA 
protein was eluted with a 200-ml linear gradient of 0 to 0.7 M 
KCI in buffer E. Fractions containing the HtrA protein (as 
judaed bv SDS-PAGE) were eluted in the range of *0 to 7U 
mM KG. pooled (8.4 ml), and dialyzed against buffer r- 
before beine applied (7 ml) to a hydroxylapatite (Bio-Kad) 
column <3.5"bv 0.9 cm) equilibrated with buffer F. (This step 
was necessary to remove some low-molecular-weight pro- 
teins not easily seen on the stained gel [see Fig. 1. lane 7J.) 
The column was washed with 40 ml of buffer F containing 70 
mM phosphate. The HtrA protein was subsequently eluted 
with buffer F containing 0.3 M phosphate. Fractions con- 
taining HtrA (as judeed by SDS-PAGE) were pooled (5.6 
ml). The various steps used in the HtrA purification scheme 

are shown in Fie. 1. . . 

In was previously shown that the HtrA protein, wncn 
overproduced from a plasmid. is present in both the mem- 
brane and the soluble fractions (17). In the procedure de- 
scribed above, only soluble HtrA was purified, since it 
represented approximately 80% of the total HtrA protein in 
the overproducing cells (results not shown). 
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« Abbreviations: DFP. diisopropylfluorophosphaic: E-64. '"''"; e P 0 ^- 
cinvl-L-leucvlarnido-(4-guanidino) buiane: NEM. A-ethylmalcimide: pHMB 
^hvdroxv mercuribenzoic acid: PMSF. phenylmethykulfonyl fluoride: 
TLCK A'-iosvllvsine chloromethyl ketone: TPCK. A -^phenylalanine 

' was estimated as the ability to release resorunn- 

labeled pepiides. soluble in trichloroacetic acid, from resorufin-labeled casein. 
Samples containing the indicated concentrations .of inh^tors were incubated 
for 5 h under the conditions described in Materials and Methods. 

RESULTS 

Purification of HtrA. The HtrA protein was overproduced 
and purified bv the procedure described in Materials and 
Methods. The final 48-kDa HtrA protein preparation (Fig. 1. 
lane 8) was approximately 907c pure, as judged by SDS- 
PAGE. Most of the protein contamination was due to two 
proteins of approximately 43 kDa which copunfied with 
HtrA durine all the steps (Fig. 1. lanes > to 8: Fig. 2). This 
persistent copurification and the fact that both contaminating 
proteins were, like HtrA, highly basic (based on two-dimen- 
sional gel electrophoresis: results not shown) suggested that 
the contaminants were degradation products of HtrA. 1 o 
demonstrate this, we gel purified the 48-kDa HtrA protein 
following SDS-PAGE and raised anti-HtrA rabbit antisera. 
These antisera were used to monitor the presence of HtrA- 
related polypeptides during the purification by the Western 
blot (immunoblot) technique (5, 15). It was indeed found that 
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, 2 3 4 5 6 7 8 9 10 11 12 13 14 lane 
Fir i Casein as a substrate for the HtrA protease. Approxi- 

hydrochloride CpH8.0lat JM- io SDS -PAGE. Lanes 2, 4. 

and the reaction mixtures were resoww i y . repre sent con- 
and 6 (casein, ^casein and ^^f^J Jso mM Tris 

hydrochloride (pH 8.0) was incuo w ft£r 2Q 3Q 

pgtod) at 37°C and 2 >£^£*^j* ^ of incubation, placed into 

43,000 30,000, 20,100, and 14,400. 



the 43-kDa proteins reacted very efficiently with th« : antibod- 

£„= w",f p"*„* sh.» io 'bio" .he proteolysis of 
?!Sta«d in the bacierial inner membrane 
?r^TI"ce he merlin »as shown ,0 be preser,, to 

degraded casern and ha t p cas em . n 

than a-casem (F.g 3, lane 1 »° ^ ide fragmen ts. sug- 
the appearance of several large po'yp p 

gesting that tt is an ^S'ft/S^ "preparation was 
onstrated proteolytic acUV " y ° f 
indeed due to the presence of HtrA protein an 
presence of a minor contaminant we assayed me ao mty 
.w^p R casein in all fract ons eluting from the BioRex /u 
degrade p-casein in «t Proteolytic act vity coin- 

and heparin-Sepharose (Fig. 4). This 

cided with the presence of the HtrA protein vn* 
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result supports our conclusion that the HtrA protein is the 
actual prSease. It is a highly specific protease, since ,t d.d 
„, H»«de bovine serum albumin, ovalbumin, globm. or 
n^u n r2 ufts not shown) or any of the 20 synthetic 

insulin ucMiu rniltine . v US ed as protease substrates 

^,?lSb.tenzoxy [ZJ-Phe-Arg-MCA jMljg"^^- 
I « Woiy-Cly-Phe-MCA. OI^Al.-A^Pte-MCA. SUC ; 

S s such as Ms" M»». and Zn; W»l..^a™«- 

We tested the HtrA protease activity m the presence 01 
Jr.* ntfcKs know P n to aileet set ;ir^ ^^S- 

chloromethyl ke onu c>m« k - ; d tamide , am i 

CUribe "o"^tv'; ^SSSo^-guanidino) butane). 
/ra/i.v-epo\\MKcin\i i f . A) or me talloproteins 

HtrA lo deurade casein 1 1 able 1)- mis resuu _ 

removal ol an N £ r ™" d ' se ° uen ce predicts that the N- 
4S-kDa nnuc.n "*^f lr J*Sri n P facludes a sequence 
terminal end ol ' h r ^^." lr f nc \ uding a consensus cleavage 
typical lor a leader P^'f/'^T. confirm this prediction 
site lor leader peptidase (18). .To „c°™ seqU enced the 
concerning the processing ^^^SfM 48-kDa 
Sa 1 W = that t 0 he th amfn e o P acid seance 

namely, it was produced by the removal of the :Zors 
co/i leader peptidase enzyme (Fig. o). 



DISCUSSION 

„e have P-«ed 'he ^ «g£»gS2£Z 

cultures carrying a multicopy pw «» ^ monitored 

HtrA protein. During t e punfic tion sgps. we m 

KmTno 6 JStWb- been .rfjjdjo it Our 

final preparatior ' wa^-ma^ 0^ P ure (Fjg. ^ 

contained, besides HtrA, 1*0 nn '^ H b degradation 

is that these two shorter polypeptides result irom , i 
llTcf translation at interna; , sites on the J, rA mRN ^ 
The identity of our punned protein ^ w n ln . d with 
was established by demonstrating that (.) it comigra 
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. .-•„ fAi Chromatography on a BioRex 70 column. HtrA ^ s e '" GE and staine d with 

FIG. 4. Purification and activity of the HtrA P™^=K£« 0 fjco.umn (lane ,15) were resolved by SDS PAGE ^ ^ 
of KC . Fractions 5 to 18 (lanes 1 to 14 and the tota pro em activit , of the fracuons eta ej from i ^ ^ ^ ^ 

Coomassie blue. Each lane conta, ns 20 M- %°™J e p. casein ; 1 ul of a fraction mcutawd^th 10 nt , 

oroteolvtic activity was measured as the ability to «graa p . Qn m)Xture was resolved Dyeiec H factions 5 to 14, 

unSandard conditions (see the legend*^ J^^e loaded onto the ^,^7^^^^ «" *ousands) (B) 
reaction without HtrA: 2. reaction v,.th »»*J P™« „ P rolein mo iecular we.gh. standa ds <« umber ^ , in , oade d onto the column 
resoectively. eluted from the BioRex 70 ^J^™|\._ a ^ as eluted with a linear gradient of .' vj' ' c_ c f, | an e contains 20 t«.l of P rc,tem - 
Katography on a hepann-Sepharose ^^X^s^GE and stained <«*«^£^J%^ fa the BioRex 70 
(lane 1) and fractions 5 to 12 (lanes 2 to .9) * ere r " omt he heparin-Sepharose : column u Act. u; ■ »« ™ , , 0 6 . activity of fracuons 5 to 9 
(Bl) Proteolytic activity of the fract.ons eluted trom v ^ a hepann-Sepharose column . temp erature 5 mm 

fractions in "panel Al. Lanes: ■ ^ird «.Sn without HtrA: 9. control reaction « « JrAto u y f ^ 
respectively, eluted from the column 8. control rea ^ ^ _ n thousandsl . Arr0 „ s sho* p 

at 97'C): 7. protein molecular weight standards inu 



overproduced HtrA on ^^^^S^ 
it comigrated with ™? r ^* .^wence of the first 13 
gels (results not shown). "^Jj^ture HtrA protein 
N-terminal amino acids °J ^X ^cleSe sequence of the 
agreed with that predicted by the nucieouu 

cloned lurA gene. , . s i.i-« a HtrA pro- 

Previously, we demonstrated that the 48 kDa HtrA p 

tein is synthesized as an unstable -; 1 -^ mi P n r a e , C ^ S amenl (17 ). 

processed by f^^^S purified HtrA 
Sequencing of the N -terminal ^ n re-HtrA are re- 
showed that the first 26 »™no acids o^pre HtfA 
moved and that the cleavage occurs folio «mg 
Thr-A.a consensus target sequence > for *e£^c ^ |he 

peptidase enzyme ^^"'" h e al (23) showing that 
recently published data of Straucn et au ' „ 

the DegP (HtrA) protein, when ^'^ ^The apparent 
system, is synthesized in a Precursor form, inc : pp 
molecular mass of the DegP protein- when expre. ^ 
maxicells. has been estimated b> s «=»™ . (48 kDa) . 

(23). reasonably close to ^ r ^f^^^S^ti the 
Since the mutations in the degP UurA) gene v 

' Vl:- k . ■ . . 

,.,f-*~ ......... • 

• v,4 „■-»-■: . * '• 



degradation of certain W^^^JStSi 
tan t forms of the «^tose-b^pro««^ P ^ 
that the HtrA protein s a prot«se. wc f 
HtrA is an endopept.dase ha degrades a ^ ^ 
polypeptides. H is highly spe^c. s . 

degrade all .other ^ »2S^e^y by dHsopropyl- 
lvtic activity of HtrA was °}°^ f • prol eases, but 
fiuorophosphate a potent inh nor ^nn P ^ 
not by any of the inh.b tors W c ^ s _ Based on this 
aspartic acid proteases or me a "°P roie ine otease . HtrA 
evidence, we postulate that HtrA ' s a se ™ e p G i y . As n-Ser- 
protein contains the ? m,n " ^ 0 SdSion 208 of the 
G ,y.G.y-A.a-Lys. starting at J^Sf,^ similar t0 the 

processed protein ^^T^'-Ser-Gly-Glv-Pro-Lys. which 
consensus sequence Gl>-AspJ ser « ^ - f h cala lyt.c 
usuallv surrounds the ac «v^nne «s dues e 
domains of known serine protease i l« h _ i ^ 

that the serine present al th a e m a n °; , ^°e °esidue of the 
mature HtrA protein is the active serine 

catalytic domain. . „ A pro tease re- 

The physiological substrate(s) for the mm p 
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mains to be identified. When extracts prepared from htrA 
mutant bacteria were treated with purified HtrA protein, we 
were unable to detect any proteolytic protein, cleavages in 
one or two-dimensional SDS-PAGE (results not shown). We 
cannot exclude the possibility that some minor prote.n(s) 
may have been processed during the reaction. In a very 
recent paper, Cavard et al. (6) showed that in vivo the 
acetylated precursor form of the colicin A lysis protein is 
degraded in lurA + (degP + ) but not in htrA (degP) mutan 
bacteria, suggesting that this protein may be a natural 
substrate for the HtrA (DegP) protease. 

The htrA gene is essential for E. colt viability only at 
elevated temperatures (17). In addition its transcription is 
rapidly increased following heat shock (18). Elevated tem- 
peratures may cause the formation of abnormal proteins It 
is known that aberrant proteins (like canavan.ne-labeled 
proteins or S-galactosidase fragments) are degraded by cel- 
lular proteases at a higher rate than are normal proteins (13. 
■>0 ~>i ">%) Since the HtrA protein is an envelope protein 
(17 ^3 it may recoenize improperly folded or denatured 
proteins'accumulated d'uring heat shock in the inner mem- 
brane and/or periplastic space. Strauch and Beckwith ob- 
served that the temperature sensitivity of degP {htrA) mu- 
tants was decreased in an Ipp degP (htrA) mutant when 
compared with the isogenic Ipp* degP (htrA) mutant (24). 
Since the Ipp mutation causes the release of periplasm* 
proteins into the medium (26), this observation supports the 

..... lvs , vs tnr tnr leu ala leu ser arg leu ala leu ser leu gly leu ala leu 
A. «r pro lL «r ^ajaala glu tlr ser ser ala tnr tnr a.a g.n gin met pro 

R ala glu thr ser ser ala tnr tnr ala gin gin met pro 

FIG. 6. N-terminal sequence of the HtrA protein. (A) Amino 
acid sequence of the unprocessed HtrA protein pred.cted from he 
DNA sequence. The amino acid consensus target sequence for the 
£ coKleader peptidase en 2 yme is underlined (18). (B) Amino ac.d 
fequence of the N terminus determined from purified HtrA protein. 



hypothesis that the HtrA protease is necessary for the cell to 
remove abnormal, possibly toxic proteins. The concentra- 
tion of such abnormal proteins may increase at higher 
temperatures. 
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